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1
DEFECTIVE P-N JUNCTION FOR
BACKGATED FULLY DEPLETED SILICON
ON INSULATOR MOSFET

RELATED APPLICATION INFORMATION

This application is a continuation of application Ser. No.
13/866,077, entitled “DEFECTIVE P-N JUNCTION FOR
BACKGATED FULLY DEPLETED SILICON ON INSU-
LATOR MOSFET” that was filed on Apr. 19, 2013, which is
incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to semiconductor fabrication,
and more particularly to forming a defective p-n junction for
backgated fully depleted silicon on insulator devices.

2. Description of the Related Art

In ultrathin fully depleted silicon on insulator (FDSOI)
with thin buried oxide (BOX), pocket implants are placed
underneath the BOX to adjust the threshold voltage Vt of the
transistors. For example, with a BOX thickness of about 25
nm, changing the implant polarity shifts the threshold voltage
by about 80 mV. To modulate the threshold voltage of the
transistors during operation, a backgate voltage (backbias) is
applied. To minimize the area penalty for connecting the
backbias, it is applied to a well that is shared by several
transistors. For those transistors that have a pocket implant,
the backbias is applied to the BOX through a p-n junction that
is located in series with the BOX. Since there is no DC current
flowing through the p-n junction, in DC operation the back-
bias drops at the back interface of the BOX. However, during
AC operation, there is a capacitive voltage divider formed by
the MOS (metal-oxide-semiconductor) capacitor associated
with the BOX and the depletion capacitor associated with the
p-n junction between the well and pocket such that not all of
the voltage drops across the BOX, causing the actual backbais
to fluctuate.

SUMMARY

A method for semiconductor fabrication includes forming
a well in a semiconductor substrate. A pocket is formed
within the well, the pocket having an opposite doping polarity
as the well to provide a p-n junction between the well and the
pocket. Defects are created at the p-n junction such that a
leakage resistance of the p-n junction is decreased.

A method for semiconductor fabrication includes forming
a well in a semiconductor substrate. A pocket is formed
within the well, the pocket having an opposite doping polarity
as the well to provide a p-n junction between the well and the
pocket, wherein the pocket is formed under an isolation layer
of'the semiconductor substrate. Defects are created at the p-n
junction such that a leakage resistance of the p-n junction is
decreased, wherein the defects are created as part of a same
implantation used to form the pocket.

A semiconductor device includes a semiconductor sub-
strate having a well formed therein. A pocket is formed within
the well, the pocketing having an opposite doping polarity as
the well to provide a p-n junction between the well and the
pocket. Defects are created at the p-n junction such that a
leakage resistance of the p-n junction is decreased.

These and other features and advantages will become
apparent from the following detailed description of illustra-
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2

tive embodiments thereof, which is to be read in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The disclosure will provide details in the following
description of preferred embodiments with reference to the
following figures wherein:

FIG. 1 is a cross-sectional view of a semiconductor device
having a semiconductor-on-insulator layer formed over a bur-
ied oxide (BOX) layer, in accordance with one illustrative
embodiment;

FIG. 2 is a cross-sectional view of a semiconductor device
after formation of a well, a pocket and shallow trench isola-
tion regions, in accordance with one illustrative embodiment;

FIG. 3 is a cross-sectional view of a semiconductor device
having defects at the intersection of the pocket and the well,
formed as part of a same implantation used to form the pocket,
in accordance with one illustrative embodiment;

FIG. 4 is a cross-sectional view of a semiconductor device
having defects at the intersection of the pocket and the well,
formed during a separate blanket implantation, in accordance
with one illustrative embodiment;

FIG. 5 is a cross-sectional view of a semiconductor device
having defects at the intersection of the pocket and the well,
with gate structures formed above the substrate, in accor-
dance with one illustrative embodiment; and

FIG. 6 is a schematic circuit diagram showing the voltage
divider formed between the applied backgate voltage Vz;and
the voltage seen at the interface between the semiconductor
on insulator (SOI) layer and BOX.

FIG. 7 is a block/flow diagram showing a system/method
for forming defects at the intersection of a pocket and well, in
accordance with one illustrative embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In accordance with the present principles, methods and
semiconductor devices are provided for a defective p-n junc-
tion for backgated fully depleted semiconductor-on-insulator
(FDSOI) MOSFETs (metal-oxide-semiconductor field-ef-
fect transistor). The FDSOI includes a well and a pocket
formed within the well. Defects are formed at the interface
between the well and the pocket. Preferably, the interface
includes a p-n junction. The defects may include end-of-
range implant defects or impurities that generate mid-gap
states. In one embodiment, the defects are formed as part of a
same implantation used to form the pocket. In another
embodiment, the defects are formed by a separate blanket
implantation.

One advantage of the present principles is that defects are
formed at the interface between the pocket and the well such
that the junction is leaky. During AC (alternating current)
operation, most of the applied voltage drops at the buried
oxide interface.

It is to be understood that the present invention will be
described in terms of a given illustrative architecture having a
wafer; however, other architectures, structures, substrate
materials and process features and steps may be varied within
the scope of the present invention.

It will also be understood that when an element such as a
layer, region or substrate is referred to as being “on” or “over”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” or “directly
over” another element, there are no intervening elements
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present. It will also be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present.

A design for an integrated circuit chip may be created in a
graphical computer programming language, and stored in a
computer storage medium (such as a disk, tape, physical hard
drive, or virtual hard drive such as in a storage access net-
work). If the designer does not fabricate chips or the photo-
lithographic masks used to fabricate chips, the designer may
transmit the resulting design by physical means (e.g., by
providing a copy of the storage medium storing the design) or
electronically (e.g., through the Internet) to such entities,
directly or indirectly. The stored design is then converted into
the appropriate format (e.g., GDSII) for the fabrication of
photolithographic masks, which typically include multiple
copies of the chip design in question that are to be formed on
a wafer. The photolithographic masks are utilized to define
areas of the wafer (and/or the layers thereon) to be etched or
otherwise processed.

Reference in the specification to “one embodiment” or “an
embodiment” of the present principles, as well as other varia-
tions thereof, means that a particular feature, structure, char-
acteristic, and so forth described in connection with the
embodiment is included in at least one embodiment of the
present principles. Thus, the appearances of the phrase “in
one embodiment” or “in an embodiment”, as well any other
variations, appearing in various places throughout the speci-
fication are not necessarily all referring to the same embodi-
ment.

It is to be appreciated that the use of any of the following
“/”, “and/or”, and “at least one of”, for example, in the cases
of “A/B”, “A and/or B” and “at least one of A and B”, is
intended to encompass the selection of the first listed option
(A) only, or the selection of the second listed option (B) only,
or the selection of both options (A and B). As a further
example, in the cases of “A, B, and/or C”” and “at least one of
A, B, and C”, such phrasing is intended to encompass the
selection of the first listed option (A) only, or the selection of
the second listed option (B) only, or the selection of the third
listed option (C) only, or the selection of the first and the
second listed options (A and B) only, or the selection of the
first and third listed options (A and C) only, or the selection of
the second and third listed options (B and C) only, or the
selection of all three options (A and B and C). This may be
extended, as readily apparent by one of ordinary skill in this
and related arts, for as many items listed.

Methods as described herein may be used in the fabrication
of integrated circuit chips. The resulting integrated circuit
chips can be distributed by the fabricator in raw wafer form
(that is, as a single wafer that has multiple unpackaged chips),
as a bare die, or in a packaged form. In the latter case the chip
is mounted in a single chip package (such as a plastic carrier,
with leads that are affixed to a motherboard or other higher
level carrier) or in a multichip package (such as a ceramic
carrier that has either or both surface interconnections or
buried interconnections). In any case the chip is then inte-
grated with other chips, discrete circuit elements, and/or other
signal processing devices as part of either (a) an intermediate
product, such as a motherboard, or (b) an end product. The
end product can be any product that includes integrated cir-
cuit chips, ranging from toys and other low-end applications
to advanced computer products having a display, a keyboard
or other input device, and a central processor.
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Referring now to the drawings in which like numerals
represent the same or similar elements and initially to FIG. 1,
a semiconductor structure 100 is illustratively depicted in
accordance with one embodiment. The semiconductor struc-
ture 100 is formed in a semiconductor substrate 102, which
may include bulk silicon, monocrystalline silicon, germa-
nium, gallium arsenide, or any other suitable material or
combination of materials. Substrate 102 preferably includes a
buried oxide (BOX) layer 104 and semiconductor-on-insula-
tor (SOI) layer 106 formed in or on the substrate 102.

BOX layer 102 and SOI layer 106 may form an ultrathin
body and BOX (UTBB) 108, also referred to an ultrathin fully
depleted SOI (FDSOI) layer with thin BOX layer. BOX layer
104 is preferably a thin BOX layer, e.g., at or about 10-50 nm,
but may also include other thicknesses (e.g., ultrathin, etc.).
BOX layer 104 may include silicon dioxide, silicon nitride, or
any other suitable dielectric material. SOI layer 106 is pref-
erably an ultrathin SOI layer, e.g., at or about 2-10 nm, but
may also include other thicknesses. SOI layer 106 may
include any suitable semiconductor such as, e.g., silicon,
germanium, silicon germanium, a group I1I-V semiconductor
such as, e.g., gallium arsenide, a group 1I-VI semiconductor,
etc. In some embodiments, the semiconductor structure 100
further comprises other features or structures that are formed
in previous process steps.

Referring now to FIG. 2, processing of the semiconductor
structure 100 continues. Well 110 is formed in substrate 102
by doping portions of substrate 102. In one embodiment,
formation of well 110 may include forming a resist pattern
(not shown) to protect portions of the substrate 102. Substrate
102 undergoes ion implantation to implant dopants into
unprotected portions of substrate 102. Dopants may include,
e.g., P-type dopants such as Boron, Boron Fluoride, etc. to
form a p-well, applied at an implant dose range from, e.g.,
10**/cm? to 10*%cm?, with an implant energy range from,
e.g., 2 KeV to 200 KeV, depending on the implant species.
Dopants may also include, e.g., N-type dopants such as
Arsenic, Phosphorus, etc. to form an n-well, applied at an
implant dose range from, e.g., 10"*/cm? to 10'%cm?, with an
implant energy range from, e.g., 10 KeV to 200 KeV, depend-
ing on the implant species.

Ton implantation includes bombarding through UTBB 108
into substrate 102 with ions at angles of approximately 5
degrees to about 75 degrees with respect to a vertical-normal
to a major surface of the device. Other angles of attack may
also be employed. The parameters of the ion implantation
may be adjusted to provide a desired dopant level and depth.
In some embodiments, multiple ion implantations may be
employed having different doses and energies to provide the
desired dopant profile in the well 110.

It should be understood that other techniques for forming
well 110 may also be employed. For example, well 110 may
be epitaxially grown on the substrate 102 before BOX 104
and SOI layer 106 are formed.

A pocket 112 is formed in substrate 102 by implantation
such that a p-n junction is formed between pocket 112 and
well 110. Pocket implants are formed under BOX layer 104
by doping substrate 102 with opposite doping polarity of the
well 110. For example, if the well 110 is doped with a P-type
dopant, the pocket 112 is formed by implanting an N-type
dopant. The pocket 112 provides for the adjustment of the
threshold voltage of the transistors.

Formation of pocket 112 may include forming a resist
pattern (not shown) to protect portions of the substrate 102
and employing ion implantation to implant dopants into
unprotected portions of substrate 102. Dopants may include,
e.g., P-type dopants such as Boron, Boron Fluoride, etc.,
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applied at an implant dose range from, e.g., 10**/cm? to 105/
cm?, with an implant energy range from, e.g., 5 KeV to 100
KeV, depending on the implant species. Dopants may also
include, e.g., N-type dopants such as Arsenic, Phosphorus,
etc., applied at an implant dose range from, e.g., 10'*/cm? to
10*%/cm?, with an implant energy range from, e.g., 10 KeV to
100 KeV, depending on the implant species. Dopant type,
energy and dosage are selected such that a p-n junction is
formed between pocket 112 and well 110.

Ion implantation includes bombarding through UTBB 108
into substrate 102 with ions at angles of approximately 5
degrees to about 75 degrees with respect to a vertical-normal
to a major surface of the device. Other angles of attack may
also be employed. The parameters of the ion implantation
may be adjusted to provide a desired dopant level and depth.

Shallow trench isolation (STI) dielectric regions 114 are
formed by conventional methods to electrically separate
devices and reduce parasitic currents and charge buildup. STI
regions 114 may include an oxide, e.g., a silicon oxide. It
should be understood that STI regions 114 may be formed
before and/or after the formation of well 110 and pocket 112.

Electrical defects 116 (shown in FIGS. 3 and 4) are formed
at or around the interface between well 110 and pocket 112
such that during device operation the defects are located
inside the depletion region formed at the p-n junction between
the well 110 and pocket 112. Defects 116 cause the p-n
junction between well 110 and pocket 112 to be leaky such
that, during AC (alternating current) operation, most of the
applied voltage drops at the interface of BOX layer 104 and
pocket 112. Defects 116 may include end-of-range implant
defects and impurities that generate mid-gap states. Other
defects are also contemplated. It should be understood that
defect formation may be performed at any point during fab-
rication. Defect density is preferably at a range of, e.g., 10"/
cm? to 10**/cm?.

End-of-range (EOR) defects refer to the crystallographic
defects formed at or near the interface between an implanted
region in a crystalline substrate and the un-implanted region
underneath. EOR defects can be formed for example by
implanting the substrate with heavy ions such as, e.g., silicon,
germanium, xenon, etc. so that crystal defects are formed at a
desired depth. Alternatively, heavy ion implantation can be
formed at a dose and energy sufficient to amorphize a portion
of'the substrate and a subsequent thermal annealing such that
the amorphized region is recrsytallized. Defects are formed at
the interface between the recrystallized region and the sub-
strate region underneath.

Typically, ion implantation with a dose range of, e.g., 10"/
cm? to 10" %/cm® may be sufficient to create EOR defects. The
energy is selected based on the ion implant species such that
the defects are formed at or near the p-n junction formed
between the pocket 112 and well 110. EOR defects are
formed at a depth such that they are located inside the deple-
tion region associated with the p-n junction between the
pocket 112 and well 110. The presence of the EOR defects
enhances the generation-recombination (G-R) rate of elec-
trons and holes inside the depletion region and thus makes the
p-n junction leaky.

In other embodiments, the G-R rate can be enhanced by
implanting species that form mid-gap states in the p-n junc-
tion. For example, metals such as, e.g., iron form mid-gap
states in crystalline silicon and enhance the G-R rate.

Referring now to FIG. 3, in accordance with one embodi-
ment, defects are formed in semiconductor structure 100 as
part of the ion implantation used to form pocket 112. The
parameters (e.g., implant range, implant energy, etc.) of the
ion implantation used to form pocket 112 may be adjusted
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such that defects 116 are formed at the interface between
pocket 112 and well 110. Defects can be formed by selecting
the energy and dose of the ion implantation species that is
used to form the pocket 112. In other embodiments, a sepa-
rate, typically heavy ion implantation is used but with the
same mask used to define the pocket 112. Since defects are
formed as part of the pocket implantation, defects 116 are not
formed where the pocket is not formed.

Referring now to FIG. 4, in accordance with another
embodiment, defects are formed in semiconductor structure
100 as part of a blanket ion implantation. A blanket ion
implantation 118 is applied over the substrate 102 to form
defects 116. Defects 116 are formed at the interface between
pocket 112 and well 110, as well as remaining exposed por-
tions of the substrate 102.

Ion implantation 118 is employed such that dopants are
applied at an implant dose range from, e.g., 10**/cm? to 105/
cm?, with an implant energy range from, e.g., 10 KeV to 200
KeV, depending on the implant species. lon implantation 118
may implant species such as, e.g., silicon, germanium, Xxenon,
or any other suitable species. lon implantation includes bom-
barding through UTBB 108 and pocket 112 with ions at
angles of approximately 5 degrees to about 75 degrees with
respect to a vertical-normal to a major surface of the device.
Other angles of attack may also be employed. The parameters
of'the ion implantation may be adjusted such that defects 116
are formed at the interface between pocket 112 and well 110.
It should be understood that other techniques for forming
defects may also be employed.

Referring now to FIG. 5, processing of the semiconductor
device shown in FIG. 3 is continued. Gate structures 126 are
formed over substrate 102. Gate structures 126 include gate
electrodes 120 and gate dielectrics 122. The gate electrodes
120 may include any suitable conductive material, e.g., poly-
crystalline or amorphous silicon, germanium, silicon germa-
nium, a metal (e.g., tungsten, titanium, tantalum, ruthenium,
zirconium, cobalt, copper, aluminum, lead, platinum, tin, sil-
ver, gold), a conducting metallic compound material (e.g.,
tantalum nitride, titanium nitride, tungsten silicide, tungsten
nitride, ruthenium oxide, cobalt silicide, nickel silicide), car-
bon nanotube, conductive carbon, or any suitable combina-
tion of these materials. The gate electrodes 120 may further
comprise dopants that are incorporated during or after depo-
sition.

The gate dielectric 122 may include a silicon oxide, silicon
nitride, silicon oxynitride, organic dielectric, etc. In a pre-
ferred embodiment, gate dielectric 122 includes a high dielec-
tric constant material, such as, e.g., metal oxides such as
hafnium oxide, hafnium silicon oxide, hatnium silicon oxyni-
tride, lanthanum oxide, lanthanum aluminum oxide, zirco-
nium oxide, zirconium silicon oxide, zirconium silicon
oxynitride, tantalum oxide, titanium oxide, barium strontium
titanium oxide, barium titanium oxide, strontium titanium
oxide, yttrium oxide, aluminum oxide, lead scandium tanta-
lum oxide, lead zinc niobate, any suitable combination of
those high-k materials, or any suitable combination of any
high-k material with silicon oxide, silicon nitride, and/or
silicon oxynitride.

The gate structures 126 also include spacers 124 formed on
sidewalls thereof. The spacers 126 may include a nitride, for
example. STI regions 114 reduce parasitic current and charge
buildup between devices. Processing of the semiconductor
structure 100 may continue, e.g., to form source/drain
regions, etc.

Referring now to FIG. 6, with continued reference to FIG.
5, a parasitic circuit 200 is illustratively depicted in accor-
dance with one embodiment. A parasitic circuit is found
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between the source/drain terminals of a transistor to the well
110. V,_ represents the voltage at the source/drain terminals
of a transistor. Vg is the voltage applied to the well 110 and
V, is the voltage that is present at the interface between the
BOX 104 and pocket 112. BOX 104 is represented by capaci-
tor Cgox, Which typically has a value of 0.14 puF/cm? for a
typical BOX thickness of 25 nm and dielectric constant 0f3.9,
which is dielectric constant of silicon dioxide. The p-n junc-
tion between the pocket 112 and well 110 is represented by
capacitor C ., which is the depletion capacitor of the p-n
junction (diode) and typically has a value of 0.2 pF/cm? for
typical well doping of 5x10'7 cm ™, pocket doping of 5x10*8
cm™> and a silicon substrate. The resistor R, rage TEPrESENLS
the leakage due to defects 116. Thus, the effective potential at
the backgate, V,_, can be determined as follows:

M

(\/ 1/ @Ry page + Chiode )VBG + Cpox Vac

\/1 @Ry piage + (Cagode + Cox)?

Vig =

where w=2unf is the angular frequency of the ac signal.

The present principles provide for defects 116 formed at
the interface of the well 110 and pocket 112 such that the p-n
junction is leaky. In conventional approaches, where the p-n
junction is not leaky, the equivalent resistance R,z that
represent the leakage current of the p-n junction is very large
such that not all of the backgate voltage V5 appears at the
interface between BOX and pocket.

By making the p-n junction between the well 110 and
pocket 112 leaky, R, ;... becomes small and the voltage
divider, illustrated in equation (1), is changed from conven-
tional approaches so that most of the AC signal drops on the
back of the BOX 104. In the case where R, 1., is very small,
Vie=Vae-

Referring now to FIG. 7, a block/flow diagram showing a
method for fabricating a semiconductor device 300 is illus-
tratively depicted in accordance with one embodiment. In
block 302, a substrate is provided. The substrate preferably
includes a first layer formed above a second layer, which are
formed in or on the substrate. In a preferred embodiment, the
first layer includes an ultrathin SOI layer and the second layer
includes a thin BOX layer.

In block 304, portions of the substrate are doped such that
awell is formed. This may involve, e.g., ion implantation, etc.
In block 306, portions of the substrate are doped such that a
pocket is formed underneath the BOX layer. The pocket
adjusts the threshold voltage of transistors. The pocket may
be formed by, e.g., ion implantation. The well and the pocket
are formed such that a p-n junction is formed at the interface
between the pocket and the well. In block 308, ST regions are
formed by conventional methods. It is to be understood that
STI regions may be formed before and/or after the formation
of the well and the pocket.

Inblock 310, defects are created at an interface between the
well and the pocket. The interface is preferably the p-n junc-
tion between the well and the pocket. Defects may include
end-of-range defects or impurities that generate mid-gap
states. Defects cause the p-n junction between the well and
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the pocket to be leaky, such that during AC operation, most of
the applied voltage drops at the interface of the BOX layer and
the pocket.

Inblock 312, defects are created as part of the implantation
of'the pocket (from step 306). Since defects are formed as part
of the pocket implantation, defects are not formed where the
pocket is not formed. In block 314, defects are created by
performing a blanket implantation over the substrate. The
blanket implantation forms defects at the interface between
the pocket and the well, as well as remaining exposed portions
of the substrate.

In block 315, additional processing may be performed to,
e.g., form gate structures, spacers, source/drain regions, etc.

Having described preferred embodiments of a system and
method for defective p-n junction for backgated fully
depleted silicon on insulator MOSFET (which are intended to
be illustrative and not limiting), it is noted that modifications
and variations can be made by persons skilled in the art in
light of the above teachings. It is therefore to be understood
that changes may be made in the particular embodiments
disclosed which are within the scope of the invention as
outlined by the appended claims. Having thus described
aspects of the invention, with the details and particularity
required by the patent laws, what is claimed and desired
protected by Letters Patent is set forth in the appended claims.

What is claimed is:

1. A method for semiconductor fabrication, comprising:

forming a material stack of at least one semiconductor

layer and at least one dielectric layer on a bulk semicon-
ductor substrate including a well region;

forming a pocket in the well region directly under the at

least one dielectric layer by ion implanting dopant
through the material stack, wherein the pocket and the
well region provide a p-n junction; and

creating defects at the p-n junction to reduce junction leak-

age.

2. The method as recited in claim 1, wherein creating
defects includes creating defects as part of a same implanta-
tion used to form the pocket.

3. The method as recited in claim 1, wherein creating
defects includes using a same mask used to form the pocket to
apply a separate implantation.

4. The method as recited in claim 1, wherein creating
defects includes performing a blanket implantation over the
substrate.

5. The method as recited in claim 1, wherein the defects
include end-of-range implant defects.

6. The method as recited in claim 1, wherein the defects
include impurities that generate mid-gap states.

7. The method as recited in claim 1, wherein creating
defects includes creating defects inside a depletion region
associated with the p-n junction.

8. The method as recited in claim 1, wherein the well region
is formed by implanting p-type or n-type dopants applied at
an implant dose ranging from 10**/cm® to 10'%cm? with an
implant energy ranging from 2 KeV to 200 KeV.

9. The method as recited in claim 8, wherein the pocket is
formed by impanting p-type or n-type dopants applied at an
implant dose ranging from 10"*/cm? to 10'%/cm? with an
implant energy ranging from 5 KeV to 100 KeV.

#* #* #* #* #*
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